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Agriculture  92% of the current water consumption

The “Pump revolution”:
started three decades ago
about 260km3 are pumped annually for groundwater irrigation 
25 millions borewells

The first groundwater consumer in the world .
The place where groundwater decline is the fastest.

INDIA & WATER
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INDIA & WATER
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RESEARCH CONTEXT - AICHA
Adaptation of Irrigated Agriculture to Climate Change (AICHA 2013-2017) 

Goal:
• develop an integrated model (in agronomy, hydrogeology and economics)
• simulate interactions between agriculture, hydrology and economics
• evaluate scenarios of the evolution of climate, agricultural systems and water 

management policies. 

Supported by:
• Indo-French Centre for the Promotion of Advanced Research (CEFIPRA)
• INRA flagship program on Adaptation to Climate Change of Agriculture and Forest 

(ACCAF)

Researchers:
• Indian Institute of Sciences (IISc)
• Indo-French Cell on Water Science (IFCWS)
• Ashoka Trust for Research in Ecology and the Environment (ATREE)
• French National Center of Scientific Research (CNRS) (UMR COSTEL) 
• French National Institute for Agricultural Research (INRA) (UMR SAS, UMR LERNA, 

UMR AGIR, UMR EMMAH, UR RECORD).
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RESEARCH CONTEXT - OVERVIEW

Agriculture is facing many challenges:

• demand for increasing productivity (quantity, accessibility and availability)

• pressure from public regulations (agricultural, environmental (aquatic
environments, air, soil) and health policies)

• Management of scarce resources (water resources, phosphorus and fossil
energy) 

• Response to climate change (warmer temperatures, changes of rainfall 
patterns, increased frequency of extreme weather)

• High price volatility in agricultural markets

• High energy costs
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RESEARCH CONTEXT - BERAMBADI

Berambadi watershed
(84 km² - ORE BVET) 

• Moderate east-west rainfall gradient (W-E: 900 - 700 mm/y)

• 3 agricultural seasons
1. kharif (June to September) South-West monsoon season
2. rabi (October to January), winter season
3. Summer (February to May), the hot and dry season 

• Hard-rock aquifer => borewell failures

• Green Revolution
 intensification of agricultural production 
 massive use of fertilizers and pesticides 
 intensive drilling
 development of submersible pumps

Consequences:
 Unusual groundwater level gradient
 depletion of the soil (loss of nutrients)
 borrow money heavily
 desperate situations and even suicide
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AICHA: an integrated model

In this context, the relative issues of water management are treated:
• following a systemic approach
• from a holistic point of view
• using a pluri-disciplinarity approach

Conception and development of the integrated model



9/50

• Plot approach
• Long term simulations of the interactions between agriculture 

and groundwater resources (Master Maud BONZI,  Dr Muddu Sekhar, Dr

Laurent Ruiz)

• Modelling the impact of irrigated agriculture on groundwater 
resource and quality in semi-arid tropical catchment ( PhD 

Buvaneshwari S., Riotte J, Ruiz L., M.S. Mohan Kumar, Sekhar M.)

• Farm approach
• NAMASTE: A dynamic integrated model for simulating farm 

practices under groundwater scarcity in semi-arid region of India 
(PhD M.Robert, A.Thomas, J-E.Bergez)

• Territory approach
• Berambadi scenarios (group Big Survey)

Overview on some ongoing modelling works applied 
to  BERAMBADI watershed



Plot approach

• Long term simulations of the interactions between 
agriculture and groundwater resources 

• Modelling the impact of irrigated agriculture on 
groundwater resource and quality in semi-arid 
tropical catchment
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To study the interactions of agriculture 
(i.e crop rotations and management) 
and groundwater.

To study the impact of lateral
groundwater flow on nitrogen
concentrations

Application to some specific locations 
(monitored plots and  borewells):
validation of the model
impact of climate change

Objectives
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Model used: a part of AICHA integrated model
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Model used: a part of AICHA
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EXAMPLE OF RESULTS



NAMASTE: A DYNAMIC INTEGRATED MODEL

FOR SIMULATING FARM PRACTICES UNDER

GROUNDWATER SCARCITY IN SEMI-ARID

REGION OF INDIA

Marion ROBERT *

Alban THOMAS

Jacques-Eric BERGEZ
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THESIS OBJECTIVES

I. Represent farmers’ decision-making and adaptation processes 
• What are the processes engaged in farmers’ decision-making?
• How can we integrate adaptive behaviors in farmers’ decision-making processes? 
• How can we represent interactions between different dimensions of decision of 

decision-making processes?

II. Conceive a flexible and resilient agricultural production system
• How can we design agricultural production system from field observations?
• Which representation should be used in conceptual modeling of farming system?
• How should be implemented the conceptual representation of farming system for 

computerized simulation?

III. Consider a context of water scarcity and climate change 
• How can we account for the effect of groundwater level on farming practices and 

simulate the retro-action of farming practices and in particular irrigation, on the 
variability of the aquifer?

• Which scenarios should be tested for water management policies? 



17/50

I. Represent farmers’ decision-making and 
adaptation processes 
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ADAPTIVE PROCESSES IN DECISION MODELS

Goal: modeling farming systems to simulate opportunities for adaptation 
=> include adaptation to decision model

Conclusion: combining several formalisms within an integrated model in which 
strategic and tactical adaptations and decisions influence each other is a good 
starting point for modeling adaptive behavior within farmers’ decision-making 
processes
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Decision stages:
(Le Gal et al. 2011; Risbey et al. 1999) 

1) STRATEGIC decision stage: yearly / farm / LT effect
Decision: investment in irrigation system 

Adaptation: yearly reviews investment in irrigation equipment and integrates learning from past year

2) TACTIC decision stage : seasonally / farm / MT effect
Decision: select crops and allocation

Adaptation: update cropping system

3) OPERATIONAL decision stage : daily / plot / ST effect
Decision: crop operations

Adaptation: new plan if can’t sow or bad germination

The 3D model: three levels of decision
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Expectations for the coming 10 years:

Rainfall: expected rainfall (poor, below average,   average, above average, good) 

GW:  expected water table level (depends on rainfall and pumping) (𝑊𝑡)

Price: expected crop prices (depends on rainfall)

o Investment in irrigation equipment (dig borewell) (𝐼𝑡)

o Beginning of a year

o Farm

o Stochastic dynamic programming (Bertsekas, 2011 ; Miranda & Fackler, 2004)

WhatWhenWhere

Strategic decision formalism

How

Objective function:

max
𝐼𝑡

 𝑡=1
𝑇 1 + 𝑟 −𝑡 max

𝛿𝑏𝑐𝜏

 𝑏=1
𝐵  𝑐=1

𝐶  𝜏=𝑆1
𝑆2 𝛿𝑏𝑐𝜏 𝜋𝑏𝑐𝜏 − 𝐼𝑡

(r: discount rate)

Solving methods: Bellman equation :

𝑉 𝑊𝑡 = max
𝐼𝑡

𝜋𝑡
∗ 𝐼𝑡 ,𝑊𝑡 + 𝛽 𝐸  𝑅𝑉 𝑊𝑡+1 , ∀𝑡 ,

( 𝑉 𝑊𝑡 :value function, 𝛽: discount factor, 𝜋𝑡
∗ 𝐼𝑡,𝑊𝑡 : current year’s profit function)
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IF <indicator> <operator> <threshold> THEN 

<action1> ELSE <action2>

Indicator: state of the system (physiological state, air 

temperature, leaf area index)

Threshold: e.g., minimum temperature, soil moisture 

threshold to trigger irrigation

Action: true/false output leading to an action (e.g., start 

irrigation, start sowing)

IF (𝑊𝑡 < 0.8*𝐼𝑅𝑡*TURwat) {
𝑇𝑈𝑅𝑎𝑟𝑒𝑎𝑡 = 𝑊𝑡 / TURwat }

ELSE {
𝑇𝑈𝑅𝑎𝑟𝑒𝑎𝑡 = 0.8*𝐼𝑅𝑡}

IF (MARcontract > SUNprice) { 
𝑅𝐹𝑐𝑟𝑜𝑝𝑡 = 𝑀𝐴𝑅𝑡 }

ELSE {
𝑅𝐹𝑐𝑟𝑜𝑝𝑡 = 𝑆𝑈𝑁𝑡}

IF (forecast 𝑅𝑠𝑒𝑎𝑠𝑜𝑛 > average) { 
𝑅𝑎𝑖𝑛𝑓𝑒𝑑𝑡=BEANS }

ELSE {
𝑅𝑎𝑖𝑛𝑓𝑒𝑑𝑡=𝑀𝐴𝐼}

o Crop selection

o Beginning of a season

o Farm

o IF-THEN-ELSE decision rules (Donatelli et al. 2006, Bergez et al. 2006)

WhatWhenWhere

REACTIVITY to borewell yield change, uncertain rainfall, market prices fluctuation, stocks, contract opportunitie, etc.

Tactic decision formalism

How
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Activity : technical operation done on the field

State : phase of the activity (wait, started, done, failed)

Temporal constraints : time slot to start an activity

Pre-conditions : conjunction of rules, valid if at least one rules is 
valid

Rules : conjunction of predicates, valid if all predicates are valid

Predicates : boolean system conditions needed to trigger an 
operation

Precedence constraint : link an activity to another

Output function : parameters for effects of an activity on the 
biophysical system

23

Activity = sowing

State = wait

Earliest beginning date = April 8th

Latest beginning date = June 20th

Optimal rule:

Soil moisture HUR/HUCC ≥ 0,6

Soil temperature TS ≥ 6°C

Rainfall  1
10𝑃𝑃 𝑑𝑎𝑦 − 𝑗 ≥ 40 𝑚𝑚

Relaxed rule:

Relaxed date = June 1st

Rainfall  1
10𝑃𝑃 𝑑𝑎𝑦 − 𝑗 ≥ 10 𝑚𝑚

Precedence constraint = FS (Ploughing)

Output function:

Sowing density: density = 16 grains/m²

Sowing depth: depth = 6 cm

Failure: fail all activities, load new graph

o Technical operation Adaption to failure
o Daily
o Plot
o Graph of activity

WhatWhenWhere

Operational decision formalism

How
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Activity = germination  check

State = wait

Earliest beginning date = April 18th

Latest beginning date = June 30th

Optimal rule:
Minimal crop stage = sowing date + 10

Germination rate ≥ 60%

Relaxed rule:
Relaxed date = June 1st

Rainfall  1
10 𝑃𝑃 𝑑𝑎𝑦 − 𝑗 ≥ 10 𝑚𝑚

Precedence constraint = FS 

(Sowing)

Output function:
Failure: fail all activities, load new graph

Add adaption to the standard crop operation scheme
ploughing – sowing – fertilization and irrigation – harvest

Operational decision formalism
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II. Conceive a flexible and resilient agricultural 
production system
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METHODOLOGY
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FROM FIELD TO THE CONCEPTUAL MODEL
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FARMING SYSTEM FORMALISM

Objectives
Means of production

(land, capital, labor, equipment)

Decision processes
(plan)

FARMING SYSTEM

CLIMATE

MARKET

RESOURCES

Production processes
(crop type, management techniques, field activities)

Biophysical processes
(crop yield, drainage, soil)

EXTERNAL SYSTEM

DECISION SUB-SYSTEM

OPERATING SUB-SYSTEM

BIOPHYSICAL SUB-SYSTEM

Farming system & conceptual representation:

Information

Events

Matter/energy
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AGENT SUB-SYSTEM

OPERATING SUB-SYSTEM

BIOPHYSICAL SUB-SYSTEM

FARM SYSTEM

Farm system
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EXTERNAL SYSTEM

MARKET

VILLAGE

WEATHER

Beliefs

STRUCTURAL
PROCEDURAL
OBSERVABLE

Intentions

STRATEGIC
TACTIC

OPERATIONAL

Desires

AMBHAS STICS
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AGENT SUB-SYSTEM

OPERATING SUB-SYSTEM

BIOPHYSICAL SUB-SYSTEM

FARM SYSTEM
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EXTERNAL SYSTEM

MARKET

VILLAGE

WEATHER

Beliefs

STRUCTURAL
PROCEDURAL
OBSERVABLE

Intentions

STRATEGIC
TACTIC

OPERATIONAL

Desires

AMBHAS STICS

Prices

Rainfall

Update 
observables

GW level

InvestmentObservations

Know-hows

Farm characteristics

Information flux for strategic decision

At the beginning of the year…
Farm system
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AGENT SUB-SYSTEM

OPERATING SUB-SYSTEM

BIOPHYSICAL SUB-SYSTEM

FARM SYSTEM
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EXTERNAL SYSTEM

MARKET

VILLAGE

WEATHER

Beliefs

STRUCTURAL
PROCEDURAL
OBSERVABLE

Intentions

STRATEGIC
TACTIC

OPERATIONAL

Desires

AMBHAS STICS

Prices

Rainfall

Update 
observables

GW level

InvestmentObservations

Know-hows

Farm characteristics

CS

Information flux for strategic decision Information flux for tactic decision

Farm system
At the beginning of the season…
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AGENT SUB-SYSTEM

OPERATING SUB-SYSTEM

BIOPHYSICAL SUB-SYSTEM

FARM SYSTEM
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EXTERNAL SYSTEM

MARKET

VILLAGE

WEATHER

Beliefs

STRUCTURAL
PROCEDURAL
OBSERVABLE

Intentions

STRATEGIC
TACTIC

OPERATIONAL

Desires

AMBHAS STICS

Prices

Rainfall

Update 
observables

GW level

InvestmentObservations

Know-hows

Farm characteristics

CS
Own labor
equipment

Labor 
equipment

Operation

Crop changes
soil

Operation
series

Operation
action

Information flux for strategic decision Information flux for tactic decision Information flux for operational decision

Pumped water
Percolation
Recharge

Farm system
Daily …
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NAMASTE on RECORD platform
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III.Consider a context of water scarcity and 
climate change 
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BERAMBADI – 1st results 

Crop choice adaptation at the tactic level:

e.g. 4th year (below average rainfall)
Beginning of the season – observations:
• rainfed crops particularly affected 
• groundwater level higher than expected 

(12.4 m more of water in the borewell)

=> switch from rainfed marigold to irrigated 
sunflower
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BERAMBADI – 1st results 

Crop choice adaptation at the operational level:

e.g. 3rd year (above average rainfall).
Tactic plan: 0.9 ha turmeric / 0.1 ha marigold
sowing conditions (rules): 
• soil moisture ϵ [60-75 %] of field capacity 
• expected total rainfall at day of sowing and 

day after < 5mm

 Five days (6th, 7th, 8th, 9th and 11th of April) 
favorable in terms of soil moisture 

 None for the rainfall condition

 review his cropping plan : switch to maize crop
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BERAMBADI – 1st results 

Technical practice adaptation at the operational 
level:

e.g. 6th year (above average rainfall).
Important rainfall events from sowing to harvest 

Irrigation rule: 
• total rainfall over the past three days < 50 mm
• expected total rainfall at day of sowing and 

day after < 5mm

=> decrease number of irrigations for the 
turmeric
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CLIMATE CHANGE SCENARIO 

SCENARIO 1: INCREASE CHANCE OF DRIER YEARS
 Increase probability of drier occurrences (low & below average) by 30% in 30 

years 
(+ 5% each 5 years) 

SCENARIO 2: DECREASE RAINFALL AMOUNT 
 decrease annual rainfall by 1,85%∗in Chamaraja nagar district in 30 years

(- 0,062% each year)

Goal: test how CC impacts farmers decisions on investment in irrigation and on 
cropping system choices

*Bangalore Climate Change Initiative – Karnataka (BCCI-K), 2011
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WATER POLICY SCENARIOS

Market change scenarios
Goal: test how economic change on crop prices and crop production costs encourage 
farmers to adapt their strategies toward less water consuming cropping systems
 Subsidies on rainfed crops
 Taxes on turmeric

Water management policies scenarios
Goal: test how water management policies encourage less water consuming cropping 
systems
 Electricity fee
 Hours of electricity available
 Taxes on groundwater variation  

Farm location and interaction with other farmers
Goal: test how other farming conditions impact on farmers decisions and integrate 
relationship between farmers’ practices on sharing resources (labor, equipment, water)
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Field prototype 

• Computer model allowing scenarios testing 
on CC, public policies, resource restrictions

• ID adaptive strategies of farmers 
• Qualitative calibration 

Development process of the model 

DISCUSSION

(Sargent, 2013)

Operational validation

Computer experimentation

Production model
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CONCLUSION

NAMASTE:
• Simulation of decision making processes of farmers

 different time scales (strategic, tactic, operational) 
 different space scales (from the farm to the plot)

• Simulation of interactions between farmers for shared resources (water, labor, 
equipment)

• Emphasizing feedback between farming practices and changes in the water table 
 impact of pumping on the groundwater level 
 practices adjustments while facing a decline in water availability

Contact: marion.robert@toulouse.inra.fr
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Territory approach
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Berambadi: 84 km2

STICS  Plot
AMBHAS  Grid 100m*100m (150 x 250)
Farm model  group of plots

Timestep daily to year
Duration  one year to several years
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To take into account:

• Upscaling the model (example: 8000 STICS in the same simulator)
• High perfomance computation
• Simplification of the model

• Scarcity of data
• Satellite data
• Extrapolation of data using geostatistical approach

• Vizualization of results
• Spatial Data Infrastructure  example Georchestra
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http://geowww.agrocampus-ouest.fr/portails/?portail=aicha



Training session
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“AICHA GOODIES” USED FOR TRAINING SESSION

NAMASTE:
• Simulation of decision making processes of farmers

 different time scales (strategic, tactic, operational) 
 different space scales (from the farm to the plot)

• Simulation of interactions between farmers for shared resources (water, labor, 
equipment)

• Emphasizing feedback between farming practices and changes in the water table 
 impact of pumping on the groundwater level 
 practices adjustments while facing a decline in water availability

Contact: marion.robert@toulouse.inra.fr
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Thank you for your attention!




